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Abstract
Design of tall and long span structures is governed by the wind forces. Inadequate research in
the field of wind dynamics has forced engineers to rely on design codes or wind tunnel tests for
sufficient data. The present work uses a computational wind dynamics method to compare the
coefficient of pressure (Cp) for the different aerodynamic shapes. ADINA, a finite element
package, contains an inbuilt turbulence model which will be used to construct four different
shapes for comparison. Results are verified with the experimental and simulation data. The
effect of increase in the Reynolds number on the flow has been studied. Graphs for the
pressure, velocity and turbulence energy distribution have been developed to assist the
engineers in design.
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1. Introduction
1.1 Overview
Design of many structures, such as tall buildings and long span bridges, is governed by wind
forces [4]. In general, an estimate of wind forces is specified by the design code which could be
very conservative or may be completely irrelevant to the actual conditions. For more complex
shapes, forces are estimated through wind tunnel testing. The aerodynamics of the structure
has an important role in defining the inherent forces and pressure distribution. Small changes in
the shape may result in large variations of the pressure distribution. Also, the phenomenon of
vortex shedding depends largely on the aerodynamics of the structure. In the conceptual stage
of design, considerations on the aerodynamics and wind forces will define the final form of the
structure. To have an early estimate of the forces to help the engineers obtain an analytical
estimate of pressure distribution, the use of computational wind engineering using finite
element method is proposed. Various turbulent models have been discussed and their
application to different aerodynamic shapes using finite element software, ADINA, has been
performed.
1.2 Why is wind analysis important?
Before going into the details of computational wind engineering, it is important to understand
why wind analysis is critical. A brief overview of the nature and impact of wind is provided.
Wind is defined as the movement of air due to the differential temperature of the
surroundings. This motion can be divided into vertical components named current and
horizontal components named wind. In structural engineering, current is not a major concern
due to the fact the uplift force is small as compared to the gravity mass. Wind, on the other
hand, is further decomposed in two components X and Y which are sometimes known as
alongwind and crosswind depending on the orientation of structure.
[10]
Emphasis of this thesis is on tall building design which is mostly applied to skyscrapers. When
wind passes around a building, it is separated into the alongwind and crosswind directions.
Alongwind response causes bending of building. Crosswind response is typically more critical
due to the phenomenon of vortex shedding. It is now established that spiral vortices are
created periodically and symmetrically from both sides of the building from surrounding wind
flow. These vortices create a load in the crosswind direction. Due to the symmetry of these
vortices, the forces cancel each other resulting in zero net force at relatively low wind speeds.
However, at higher wind speeds the vortices are shed alternatively. Therefore an unbalanced
resultant force is created in the crosswind direction. This resultant force acts as the exciting
force for the building and may cause large dynamic response due to resonance. Crosswind
excitation frequency is exactly half that of the alongwind excitation frequency which is given by
the following:
f=Vx
D
where,
f= frequency of vortex shedding (Hz)
V= mean wind speed at the top of the building (m/s)
S= Strouhal number
D= Diameter of the building (m)
Generally, the frequency for the alongwind is not close to the natural frequency. However, if
the crosswind frequency is close to natural frequency, resonance occurs and the building
vibrates violently. As a result of vortex shedding, the response in the crosswind direction often
dominates over the response in alongwind direction. Figure 1.1 shows the decomposition of
wind flow in different directions. As a result, engineers are faced with two problems: A) reduce
the wind force in alongwind direction and B) prevent the phenomenon of vortex shedding in
crosswind direction. In the absence of proper wind design, the deflections could reach a few
feet. The serviceability requirements for the occupants require strict control on the deflection
and perceiving acceleration due to vibration. Hence, it is proven that wind engineering is critical
in design.
[11]
Flow
Direction
Building
---- Alongwind
Figure 1.1: Decomposition of flow in different direction
1.3 Computational wind engineering and problems
Almost every flow's phenomenon can be described by set of partial differential equations,
which are difficult to solve analytically, except in special cases. One has to use various
discretization methods which approximate the differential equations through a system of
algebraic equations solved via computer. The approximations are applied to a small domain in
space and/or time so that the numerical solutions provide results at these discrete locations.
The accuracy of the numerical solution depends on the quality of the discretization used.
Therefore, computational fluid dynamics can be used in combination with experimental and
theoretical fluid dynamics to provide an alternative cost-effective means of simulating real
flows. This approach is not limited to a certain range of Reynolds numbers while it provides the
convenience to control specific terms in the governing equations and understand their effect.
Some of the major advantages compared with experimental fluid dynamics are:
* simulate flow conditions which are difficult to reproduce experimentally
* could be used for quick results and help reduce lead time in design process
* provides more detailed and comprehensive information
* Increasingly more cost effective than wind tunnel testing
[12]
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Directly related to the field of computational fluid dynamics is computational wind engineering.
It is based on the same equations governing the flow, but with more complex behavior. These
complexities arise because airflow around a building within an atmospheric surface boundary
layer is fully turbulent. The flow obstacles have sharp edges at their corners. Such flow
obstacles are called bluff bodies.
zation
Finite Difference
Finite Volume
Finite Element
Spectral
Solved at
Nodal Points
Figure 1.2: Flowchart of steps in computation
It exhibits separations at the windward corners of the building, circulations behind it, and
vortices, etc. A very fine grid mesh is required to analyze such flow fields with high precision.
Fine mesh means large computation and hence more computing power. With the advancement
in computer hardware and numerical algorithms, it has been made possible to solve such flows
precisely and quickly. Figure 1.2 shows the flowchart of various steps used in general
computation process.
[13]
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2. Basics of Fluid Dynamics
2.1 Coordinate Systems
Description of different variables, such as velocity and pressure, requires a proper selection of
coordinate system. Coordinate system helps to identify magnitude and direction of the
variables in space. The most commonly used coordinate systems are the Lagrangian and
Eulerian coordinates. The Lagrangian frame is a way of looking at fluid motion where the
observer follows individual fluid particles as they move through space and time. Plotting the
position of an individual particle through time gives the path of the particle. This can be
visualized as sitting in a boat and drifting down a river. The Eulerian frame is a way of looking at
fluid motion that focuses on specific locations in the space through which the fluid flows. This
can be visualized by sitting at a fixed location, the bank of a river, and watching the water pass.
In general, Eulerian coordinates are preferred in solving fluid dynamics since it is impractical to
trace a fluid particle towards downstream. For the problems that involve both the fluid and
solid mechanics equations, it may be advisable to use the mixed Eulerian-Lagrangian
coordinates.
2.2 Governing Equations
2.2.1 Stress in Fluids
The fluids can be differentiated from the solids through their inability to sustain deviatoric
stresses when at rest. The only possible stress is hydrostatic pressure which is more commonly
known as pressure. For the purpose of analysis, one must therefore concentrate on the motion,
and the essential independent variable is the velocity u. If one adopts indicial notation (with the
coordinate axes referred to as xi, i = 1, 2, 3), then one can obtain u* i = 1, 2, 3
UT= [U1, U2, U3]
[14]
This replaces the displacement variable, which is of primary importance in solids. The rate of
strain, cij, is the primary cause of the general stresses, yij, which is defined in a manner
analogous to that of infinitesimal strain in solid mechanics as:
, l(•u, + u,C a + au (2.1)
This is a tensorial definition of strain rates. In variational forms, it is written as a vector which is
more convenient in finite element analysis. Thus, the strain rate is written as a vector e'ij and is
given by the following general form:
E"= [E'11, 6'22, 6'33, 26'12, 26'23, 2'31] T
Or
6'= [6'11, 6'22, 6E33, Y'12, Y'23, Y'31 T
The stress-strain rate relations for a linear (Newtonian) isotropic fluid require defining two
constants. The first constant links the deviatoric stresses -ij to the deviatoric strain rates:
1 (1
- = 2 3  kk) (2.2)
In the above equation, the quantity in brackets is known as the deviatoric strain rate, 6ij is the
Kronecker delta, and a repeated index implies summation over the range of the index; thus
Okk = o11 + 022+ 033 and E'kk = E'11 + 6'22 + E'33
The coefficient I is known as the dynamic (shear) viscosity, or simply viscosity, and is analogous
to the shear modulus, G, in linear elasticity. The second constant is that between the mean
stress changes and the volumetric strain rate. This defines the pressure as
[15]
p = -- +PO = -k k'  P0 (2.3)3
where K is a volumetric viscosity coefficient analogous to the bulk modulus, K, in linear
elasticity and po is the initial hydrostatic pressure independent of the strain rate (note that p
and po are invariably defined as positive when compressive). We can immediately write the
constitutive relation for fluids from equations (2.2) and (2.3)
(TY =•jy -8#p (2.4)
This can be simplified as
21a7 = 2 e',+ 1, (K - )e'kk - 6 jpo (2.5)
3
There is little evidence about the existence of volumetric viscosity and taking K=O for
incompressible flow, one can then obtain:
,Y = r -- •#Po (2.6)
The above relationships are identical to those of isotropic linear elasticity. Non-linearity of
some fluid flows is observed with a coefficient, i, depending on strain rates. Such flows are
called 'non-Newtonian'.
2.2.2 Mass Conservation
If p is the fluid density and ui is velocity of flow in ith direction, then the balance of mass flow pu2
entering and leaving an infinitesimal control volume (Fig. 2.1) is equal to the rate of change in
density as expressed by the relation:
ap+ +VT(pu)= 0
at ax, at
where, (2.7)
VT
a16
[161
V is known as the gradient operator. It should be noted that the control volume remains fixed
in space. This is known as the 'Eulerian form' and displacements of a particle are ignored. This is
in contrast to the usual treatment in solid mechanics where displacement is a primary
dependent variable.
2.2.3 Momentum Conservation
In any direction, the balance of linear momentum leaving and entering the control volume (Fig.
2.1) is to be in dynamic equilibrium with the stresses aq and body forces pgj. This gives a typical
component equation
ap u + x a( pu.)u, a g 
= 0
at ax, ax,
--- r--- Cont
Control
Volume
dX1
X2
(2.8)
Figure 2.1: Coordinate direction and the infinitesimal control volume
[17]
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2.2.4 Equation of State
The pressure (p), density (p) and absolute temperature (T) are related by an equation of state of
the form
f(p, p, T)=O
For an ideal gas,
P
RT
where, R is the universal gas constant.
2.2.5 Energy Conservation
(2.9)
The energy conservation equation is of interest even if it is not coupled with the mass and
momentum conservation, as it provides additional information about the behavior of the
system. One can then define the terms that will be used in the equation. Define e as the
intrinsic energy per unit mass. This is dependent on the state of the fluid, i.e. its pressure and
temperature
e = e(T, p) (2.10)
The total energy per unit mass, E, must include the kinetic energy per unit mass and thus
E = e + -uu, i2
(2.11)
Enthalpy, H, as
(2.12)H=E+p
P
[18]
Conductive heat flux, q;,for an isotropic material as
aTqi = -k (2.13)
where k is thermal conductivity.
Finally qH, the heat source per unit volume. From the above definitions one can now write the
energy equation as:
a(pE) a aTT a+- (puH)a--,k i (,u )-Pig,u, -qHo = 0
at x, Ox , x (2.14)
Here, the penultimate term represents the rate of work done by body forces.
2.2.6 Navier-Stokes equation
The general form of the Navier-Stokes equation is defined as,
p +u.Vu +Vp-V.r-f = 0 (2.15)
where, V is the gradient operator,
T= deviatoric stress
f= body force per unit volume (pgi)
2.3 Velocity potential and Stream function
For the two-dimensional flow, it is sometimes convenient to express velocity in terms of either
the velocity potential (b) or stream function (ji). From the equation (2.7) for incompressible
fluid, one has
[19]
V.u = u,  I +2 =O
ax, ax2
(2.16)
Now the velocity components can be defined in this form:
au2
U2 = 0 -x
(2.17)
(2.18)
which satisfy the equation (2.16). The above representation is stream function. Similarly one
defines,
U2 = ,2
Using (2.19) and (2.20) in (2.16), one obtains
a2o a 0+ =
or
V2 = O
which is the Laplace equation in terms of the velocity potential.
(2.19)
(2.20)
(2.21)
[20]
3. Turbulence Models
3.1 Need for Turbulence Modeling
A fluid motion is defined as turbulent if it is rotational, intermittent, highly disordered, diffusive
and dissipative. It is accepted that turbulence can be described by the Navier-Stokes
momentum-transport equations [5]. It is generally impossible to analyze directly the Navier-
Stokes equations in their original form by the numerical method for a flowfield because it
requires an unreasonably large number of grid points which can hardly be accommodated by
existing super computers. This large number of grid points is required to capture the small scale
effects that occur in the turbulent flow. The main characteristic of turbulent flow is the transfer
of energy in nonlinear manner to smaller spatial scales in 3-D. A useful concept for discussing
the main mechanisms of the turbulence is that of an "eddy" [6-8]. An eddy may be thought of
as typical turbulence patterns, covering a range of wavelengths. In analogy with molecular
viscosity, which is property of fluid, turbulence is often described by eddy viscosity as a local
property of the fluid. The corresponding mixing length is treated in an analogous manner to
the molecular mean-free path derived from the kinetic theory of gases. These effects on the
smallest scale decide the size of the grid that is required for the computation. To overcome this
problem of large computation, several types of averaged Navier-Stokes equations are usually
used for numerical analysis. The averaging could be temporal (i.e., time averaging) or Favre
(i.e., mass weighted) averaging. Another technique, which is employed, is filtering.
3.2 Various Turbulence Models
In turbulent flow the velocity, u, can be decomposed into two parts as
u(t)= u+u'(t) (3.1)
where,
[21]
ii= a steady carrier
ft(t)= a high frequency oscillatory component with a zero mean
For the boundary layer flows, it is generally agreed that the Reynolds normal stresses u'2 may
be neglected in comparison with the Reynolds shear stresses u'v' , except in the neighborhood
of separation point. If one assumes that the turbulent shear stress is defined in an equivalent
manner to the laminar shear stress, one can propose a new turbulent viscosity (E) or eddy
viscosity. The stress is then defined as
-u V =EE- (3.2)
Substituting this in momentum equation we obtain
-au -au 1 dp a( E u
u-+v-=-- + 1+ (3.3)
ax ay p dx y v oy
The eddy viscosity is proportional to the product of a length scale and a velocity scale. The
various assumptions that go into defining these scales and the type and number of equations
used will classify various eddy-viscosity methods.
3.2.1 Zero-Equation Models
The zero-equation model means that the model does not require partial differential equations
to describe the eddy viscosity. This model is based on Reynolds averaged equation. This model
uses the length scale proportional to the distance from the wall, with damping term near the
wall for the inner region, and the velocity scale is taken as this distance times the normal
gradient of velocity [9-11]. In the outer region, the length scale is taken proportional to the
boundary-layer thickness. As the modeling method is rather crude, it may be very convenient to
[22]
give a rough prediction at an early stage of research. It is highly efficient in that it needs very
little CPU time.
3.2.2 One-Equation Models
To redress the shortcomings of zero-equation models, scaling parameters of the turbulence
were now based on the property of the turbulence rather than on a property of mean flow.
Glushko [12] proposed the velocity scale should be the square root of the kinetic energy of the
turbulence, while retaining an algebraic length scale. For more complicated situations, e.g.,
corner flows, backward-facing steps etc., additional relations for the length scale are required.
The model also requires an additional condition on the inflow boundary, such as the turbulence
energy profile.
3.2.3 Two-Equation Model
A much more general eddy viscosity model can be proposed by the introduction of a
differential equation to define the length scale as well as the velocity scale. This is particularly
important when the distance from the wall for the flow is not well defined. In such cases, if zero
or one-equation models are used, it will require certain ad-hoc assumption regarding the length
scale. Two-equation models permit more general approaches to same length scale equations
which are used regardless of the flow configuration. K-epsilon and k-omega are the most
popular models based on the above approach. In particular, the computational work required is
substantial, and in both time-marching and steady-state calculation, extreme care must be
taken to prevent instabilities from propagating. This model has a good reputation for reliability
and is the most promising for present application to many problems in the field of wind
engineering [16-19].
[23]
3.2.4 Reynolds Stress Model
All of the eddy-viscosity models ignore the basic validity of the eddy-viscosity concept.
Experimental results have shown that while it is a convenient concept from the computational
viewpoint, it has little physical basis. The next step in the hierarchy of turbulence models is the
Reynolds stress model. These models are based on the Reynolds averaged transport equations
for the Reynolds stressuv. The earliest model by Bradshaw, Ferris and Atwell [13] assumed
shear stress proportional to the turbulent kinetic energy. A substantially more complicated
model is the algebraic Reynolds stress model proposed by Rodi et al. [14], which uses a two-
equation model. Finally, Launder et al. [15] proposed a full Reynolds stress model providing
differential equations for the transport of all six Reynolds stresses, which must be solved
simultaneously with the dissipation equation. Because these models are more sophisticated
than those shown above, they require more sophisticated techniques for computation. As these
models are able to analyze the turbulent flowfield very precisely, these models will be able to
be applied to wind engineering problems in the future [1-3].
3.2.5 Large Eddy Simulation
Large Eddy Simulation (more generally LES) is based on the filtered Navier-Stokes equations.
LES uses a coarser grid for the simulations which is able to resolve only the larger eddies in the
flow, but not the ones which are smaller than the individual cell dimensions. From the physical
point of view, however, there is an interaction between the motions on all scales so that the
result for the large scales would be inaccurate without taking into the account the influence of
the fine scales on the large ones. To take this small interaction into effect, one either requires a
very fine mesh or an alternate technique of a sub-grid scale modeling. Hence, a model for the
unresolved motion has to be developed and an intricate coupling between physical and
numerical modeling has to be generated. One has to perform direct computation of large scales
of the flow while modeling the smaller ones and not the entire spectrum. This is an advantage
of the LES approach compared to the methods based on the Reynolds averaged equations. By
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resolving the large eddies, LES gives access to the flow-dependent unsteady motion. This model
has the advantage of generating a time-dependent flowfield. Its disadvantage is that it requires
great deal of CPU time [21-23].
3.2.6 Direct Simulation
Direct simulation uses the original Navier-Stokes equations, which are simultaneously solved.
This method produces exhaustive data about the various parameters, which are of less
engineering value. Due to the high requirement of computation and storage, this method is
applied to limited simple flow types with a relatively low Reynolds number (below 104 at
present), for example channel flows, etc [24].
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4. Modeling and governing parameters in ADINA
To analyze the wind flow around different aerodynamic shapes, turbulence modeling in finite
elements is used. The model outline is discussed in this chapter along with boundary conditions
used and the applied loads in ADINA 8.4 (all values in SI units). The wind has been assumed to
have the density lkg/m 3. The viscosity of wind is taken as 0.0001 N.s/m 2. To study the effect of
the increase in the Reynolds number, the velocity at the inlet boundary is varied from 1, 10 and
50. The model has been meshed using the 4 node elements. The mesh density is fine near the
edge of the square plate to capture the effect. Appendix A shows the different mesh used for
various models along with the number of nodes and element in each mesh. The various
parameters that are plotted for the comparison are: Y-velocity, Z-velocity, velocity magnitude,
Omega-YZ, turbulence kinetic energy and nodal pressure. The model line plot for the different
faces of square has been plotted with the user defined variable coefficient of pressure, Cp. The
coefficient of pressure is defined as the ratio of nodal pressure to the input kinetic energy per
unit volume.
Nodal pressure
SpU22
where, (4.1)
p = density
U = inlet velocity
The results of C, are then compared to the experimental and simulation data that has been
published to verify the model.
4.1 Adequacy of the Mesh
To check the adequacy of the mesh used for the analysis of all the models, test cases were run
with three different mesh sizes (Mesh 1, Mesh 2, and Mesh 3). The meshes are shown in
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figure 4.1a-c. Table 4.1 shows the number of elements and nodes in each mesh. Table 4.2
shows the comparison of nodal pressure and velocity magnitude for the three mesh size. From
the table it is clear that the values of our concern are reasonably in agreement. Therefore Mesh
1 is used for our analysis.
Figure 4.1a: Mesh 1
Figure 4.1b: Mesh 2
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Figure 4.1c: Mesh 3
Mesh # Number of Elements Number of Nodes
Mesh 1 2300 9200
Mesh 2 9200 36800
Mesh 3 17800 71200
Table 4.1: Mesh Details
Mesh # Nodal Pressure Velocity Magnitude
Maximum Minimum Maximum Minimum
Mesh 1 0.5636 -0.8940 1.205 0
Mesh 2 0.5636 -0.8940 1.210 0
Mesh 3 0.5636 -0.8940 1.226 0
Table 4.2: Comparison of results for different mesh
4.2 Discussion on Model 1
The figure 4.2 shows the model outline along with the loading and boundary conditions. The
figure 4.3 shows model in ADINA.
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Figure 4.2: General Model 1 outline
It has been divided into 8 surfaces for the purpose of desired mesh. Selection of proper
boundary conditions is very important for the fluid problem for solution to converge. The
special boundary condition of no-slip is applied on all the four lines of the plate as indicated in
the model outline. The special boundary condition of slip is applied to the two sides of the flow
boundary. This special boundary condition is different from the normal boundary condition
used in ADINA in the sense that these are discretized within boundary elements. The loads
applied for the turbulence model is velocity and turbulence load at the inlet boundary. In model
1.1 velocity (v=l) and turbulence computed from the equations discussed later in section is
applied. In the models 1.2 and 1.3, a velocity of 10 and 50 is applied, respectively.
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Figure 4.3: Model in ADINA
Figure 4.4: Boundary conditions and loads applied to model 1.1
The turbulence intensity of 0.025 and dissipation length of 1 is used. The prescribed value of
the turbulence and the kinetic energy at the inlet boundary are calculated from the following
equations.
K = -( V) (4.2)
E = K 2 3L) (4.3)(03K
[30]
where i, E and I are velocity scale, length scale and turbulence intensity respectively. The zero
turbulence flux is implicitly assumed at the boundary where no turbulence is explicitly specified
Figure 4.5: Model 1 mesh (Mesh 1)
The figure 4.5 shows the mesh used for the analysis. Finer mesh is used near the plate
boundary. All the surfaces have the ratio 0.1 for the largest to smallest element. 4 node
quadrilateral elements are used in which velocity is computed at all 4 nodes and pressure
computed at the center. The default values for the K-E turbulence material model for the
various parameters are used. These values are given below:
CP =0.09, C1=1.42,
C3=0.8,
ae=0.9 ,
ok=l,
d<=70,
C2=1.92,
a,=1.3,
IKo=0.4
The automatic time stepping function (ATS) with 10 sub-divisions is used for the steady-state
incompressible flow analysis. The parameters that have been used for the analysis were
selected by series of model test runs. In these test models, the stability with the increase in the
Reynolds number was examined. With the increase in the Reynolds number, the governing
finite element equations become numerically unstable. Therefore the parameters such as time
stepping, number of iterations required as well as the application of loads in a gradual manner
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have to be specified carefully. The discussion below explains, in short, the process to arrive at
the analysis parameters.
In Test Model version 1.0, Viscosity=0.01, default time function which is full loads (v=l,
turbulence=computed from mean velocity 1) applied from the start of analysis. The default
time step which is full loads at first step and 15 number of iteration in Newton method will give
a solution.
In Test Model version 2.0, Viscosity=0.001, a linear time function which is full loads (v=l,
turbulence=computed from mean velocity 1) is applied linearly from zero to full value. The
smaller time step, which is full loads applied to the model in two steps of magnitude 0.1 & 0.9
and 100 number of iteration in Newton method, will give a solution.
In Test Model version 3.0, Viscosity=0.0001, a linear time function which is full loads (v=l,
turbulence=computed from mean velocity 1) applied linearly from zero to full value. The
smaller time steps where full loads are applied to the model in five steps of magnitude 0.1, 0.1,
0.2, 0.3 & 0.3 and 100 number of iteration in Newton method will give a solution.
In Test Model version 4.0, Viscosity=0.0001, a linear time function which is full loads (v=10,
turbulence=computed from mean velocity 10) applied linearly from zero to full value. The
smaller time steps where full loads are applied to the model in ten steps of magnitude 0.1 each
and 100 number of iteration in Newton method will give a solution.
In Test Model version 5.0, Viscosity=0.0001, a linear time function which is full loads (v=50,
turbulence=computed from mean velocity 50) applied linearly from zero to full load, smaller
time step which is full loads applied to the model in 20 steps of magnitude 0.05 each and 100
iteration in newton method will give a solution.
These changes are required to make the set of equations stable under high Reynolds number,
which is increased due to the decrease in the viscosity and increase in the velocity of the fluid.
The solution doesn't converge if full loads are applied in one step and hence a smaller time step
is required to reach convergence. Thus the dependence on the analysis parameters used for the
model are very important in the fluid flow analysis at a high Reynolds number.
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The three models for model 1 with varying velocity (1, 10, 50) are represented as model 1.1,
model 1.2 and model 1.3, respectively. The analysis parameters as discussed in the test models
have been used.
4.3 Other Models Used
The three other aerodynamic models which are discussed for the comparison are now
discussed in brief. The analysis parameters and the nomenclature of the models have been
done in the same manner as for the model 1 and its variants. The figure 4.6-4.8 shows the
general outline of the models. The model 2 and model 3 are models with square (side=1) but
different angle of wind attack. In model 2, the angle of attack is 45 degrees where in model 3,
the angle of attack is 60 degrees. The model 4 is circle (diameter=l).
No slip
boundary
Velocity --------
V
Turbulence -----.
E Slip boundary
Figure 4.6: General Model 2 outline
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No slip
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Figure 4.8: General Model 4 outline
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5. Results
5.1 Verification of Results
To verify the model and the boundary conditions used, the results are compared to the
experimental and simulation data that has been published for the flow around the square plate.
For the purpose of comparison, the graphs of pressure coefficient (Cp) for the different face of
the plate have been plotted. The figure 5.1-a shows the face and corresponding C, (i), i=1, 2, 3.
The Cp plot for the fourth face is symmetrical to Cp2. The figure 5.1-b shows the graph of C, for
different face. The figure 5.2-a shows the corresponding graph for experimental and 5.2-b
simulation data [1].
C,2
T
cP1 .4 0- C,3
Figure 5.1-a: Cp (i) and face
Figure 5.1-b: Cp plot for three faces (Model 1.1)
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0Figure 5.2-a: C, plot simulation by S. Murakami [1]
Figure 5.2-b: C, plot simulation and experimental by S. Murakami [1]
From the above comparison one can see the calculated C, from the model is in agreement with
the experimental results. Also with the increase in the Reynolds number, the distribution of the
C, remains almost the same, which is verified from the figures 5.3-5.4. The figure 5.5 is a plot of
C, for model 1.2 and figure 5.3 is a plot for model 1.3. Nomenclature of the models has been
explained earlier. The use of averaged value of C, for the design purpose is recommended. One
can use these model parameters to analyze the other models for the design value of C,.
[36]
Reynolds number is an important non-dimensional parameter associated with fluid flows. It is
defined as the ratio of the inertial forces to viscous forces.
Re- pLv (5.1)
where,
L = characteristic length
v = velocity of flow
p = density
V = dynamic viscosity
Table 5.1 shows the Reynolds number of the flows in different models. The Reynolds number
varies from 104 to 7.07 x 105 for the different models as shown in the table. The transition from
laminar to turbulent starts around 104 where the flow is turbulent beyond 10s.
Model L V p p. Re
Model 1 1 1 1 0.0001 104
1 2 1 10 1 0.0001 10s
3 1 50 1 0.0001 5 x 10 s
Model 1 1.414 1 1 0.0001 1.414 x 104
2 2 1.414 10 1 0.0001 1.414 x 10s
3 1.414 50 1 0.0001 7.07 x 105
Model 1 1.366 1 1 0.0001 1.366 x 104
3 2 1.366 10 1 0.0001 1.366 x 10s
3 1.366 50 1 0.0001 6.83 x 10s
Model 1 1 1 1 0.0001 104
4 2 1 10 1 0.0001 10s
3 1 50 1 0.0001 5 x 10s
Table 5.1: Reynolds number for different models
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Figure 5.3: Cp plot for three face (Model 1.2)
Figure 5.4: Cp plot for three face (Model 1.3)
5.2 Velocity Plots
The figures 5.5-5.8 show the velocity magnitude plots for the different models for inlet velocity,
v=1. The position of maximum value is marked by A (delta) and minimum is marked by *
(asterisk) in the plots. The high velocity near the edge of plate and low velocity in the rear could
both be observed. This velocity distribution is an important factor for the skyscraper design, as
it not only determines the pedestrian comfort, but also the indoor environment. Skyscraper
design should be such that it has minimum effect on the pedestrian comfort and hence should
not have high velocities. Also the variation in the velocity around the structure should be in
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limited area. Figure 5.8 shows the velocity distribution for a circular cross-section which
satisfies the above arguments. Among the square cross-section, one can see designing the
structure inclined to the direction of the wind flow causes less velocity magnitude and
surrounding effect. The cross-section, when inclined at 300 to horizontal, has the minimum
velocity and can be seen in figure 5.7. It has less effect on vicinity. Figure 5.6 shows large
circulation region in the downstream of flow.
Figure 5.5: Velocity Magnitude (Model 1.1)
Figure 5.6: Velocity Magnitude (Model 2.1)
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Figure 5.7: Velocity Magnitude (Model 3.1)
Figure 5.8: Velocity Magnitude (Model 4.1)
Figure 5.9-5.12 shows the Y-velocity plot for different models. Interpretation and discussion of
the results are similar to the Velocity magnitude plot.
Figure 5.9: Y-Velocity (Model 1.1)
[40]
Figure 5.10: Y-Velocity (Model 2.1)
Figure 5.11: Y-Velocity (Model 3.1)
Figure 5.12: Y-Velocity (Model 4.1)
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Figure 5.13-5.16 shows the Z-velocity plot for different models. Z-velocity components are
developed on the leading edge/ side of the structure. Though the inlet velocity was purely in
the Y-axis, this component is created due to the impact on rigid surface. The Z-velocity is in
both positive and negative Z-axis.
Figure 5.13-a: Z-Velocity (Model 1.1)
Figure 5.13-b: Z-Velocity (Modý 1.1) zoom
The figure 5.13-b shows the effect of rigid surface in the flow direction, which causes the
development of Z-component. Figure 5.16-b shows the flow around the circular rigid surface.
Due to the separation and reattachment of the airflow, tle positive and negative components
are formed on the same side of the circle.
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Figure 5.14: Z-Velocity (Model 2.1)
Figure 5.15: Z-Velocity (Model 3.1J
Figure 5.16: Z-Velocity (Model 4.1)
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Figure 5.16-b: Z-Velocity (Model 4.1) zoom
Figure 5.17-5.20 shows the Omega-YZ plot for the different models. This is an important
parameter as formation of vortices depends on it. Omega (rotational velocity) is developed at
the leading edge of the cross-section in all the cases. For the square cross-section at 300, it has
a high positive magnitude and small negative component due to non-symmetry.
Figure 5.17: Umega-YZ LMoaeI 1.1)
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Figure 5.18: Omega-YZ (Model 2.1)
Figure 5.19: Omega-YZ (Model 3.1)
Figure 5.20: Omega-YZ (Model 4.1)
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The figure 5.21 shows the comparison of the Omega-YZ. Since it always starts from the edge,
therefore if the structure rotates as it goes up, development of these vortices could be
minimized. Table 5.1 shows the details of velocity parameters for different models.
Figure 5.21: Omega-YZ comparison for different models
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Model Velocity Magnitude Y-Velocity Z-Velocity Omega-YZ
No. Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
1.1 1.205 0 1.174 -0.06743 0.8508 -0.8508 4.214 -4.214
2.1 1.214 1.86 E-09 1.211 -0.1422 0.7424 -0.7424 3.998 -3.998
3.1 1.153 3.61 E-04 1.149 -0.2438 0.8477 -0.5015 7.215 -3.690
4.1 1.459 4.53 E-04 1.441 -0.0497 0.7513 -0.7475 2.771 -2.685
Table 5.2: Different velocity results
5.3 Turbulence Kinetic Energy Plots
The turbulence kinetic energy is the parameter that indicates the turbulence in the region. The
higher the value of turbulence kinetic energy, the higher the turbulence is. Figure 5.22-5.25
depicts the plot of turbulence kinetic energy for different models. The maximum value is found
either near the leading edge or in the downstream of the flow. This high value in the
downstream may be attributed to the circulation of air in this region.
Model No. Turbulence Kinetic Energy
Maximum Minimum
1.1 0.02325 -1.746 E-10
2.1 0.04756 3.326 E-04
3.1 0.03040 1.243 E-05
4.1 0.02269 2.801 E-07
Table 5.3: Turbulence Kinetic energy results
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Figure 5.22: Turbulence Kinetic Energy (Model 1.1)
Figure 5.23: Turbulence Kinetic Energy (Model 2.1)
Figure 5.24: Turbulence Kinetic Energy (Model 3.1)
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Figure 5.25: Turbulence Kinetic Energy (Model 4.1)
5.4 Pressure Plots
The figure 5.26-5.29 shows the Nodal pressure plots for the different models. Positive pressure
is developed on the side where wind has the direct impact. Negative pressure is developed on
the side and the rear of the structure. Negative pressure is of concern as it has a large
magnitude and causes suction on the structure. Figure 5.30 shows the comparison of the
pressure distribution for different models. Table 5.3 shows the maximum and the minimum
values for the results.
Figure 5.26: Nodal Pressure (Model 1.1)
[49]
Figure 5.27: Nodal Pressure (Model 2.1)
Figure 5.28: Nodal Pressure (Model 3.1)
Figure 5.29: Nodal Pressure (Model 4.1)
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Figure 5.30: Nodal Pressure plot comparison for different models
Model No. Nodal Pressure
Maximum Minimum
1.1 0.5230 -0.8856
2.1 0.4953 -0.3717
3.1 0.3418 -0.6712
4.1 0.4816 -0.8783
Table 5.4: Nodal Pressure results
One can now define the coefficient of pressure (Cp) for the other models as done for the model
1. The figure 5.31 a-c shows the Cp and face associated to it in each model. All the further
graphs are based on this description.
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Figure 5.31: Cp and associated face for different models
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6. Conclusion
The current status of the available turbulence models in the finite element software like ADINA
makes it possible to evaluate the flow past bluff bodies. This analysis can be then applied during
the design phase to improve the aerodynamics of the structure and reduce the forces. Also the
effect of circulation and vortices may be studied and effectively dealt with.
Figure 6.1-6.4 shows the Cp (coefficient of pressure) plots for the different models. One can
notice the variation in the C, for the different models and over the different faces in the model.
C, is an important design parameter for the calculation of wind forces on the structure. For the
purpose of computation of forces, the average value of C, on the face is used. Current status of
design uses the C, values that are based on the model 1. Appendix C shows the Cp values from
ASCE-7-05 for Wind design. These values are compared to the averaged values in Table 6.1
which are in agreement. The averaged values are calculated on the bases of three models (e.g.
1.1, 1.2, 1.3 etc) for each shape. No provision for the reduction of wind forces due to change in
the aerodynamic / shape of the structure are available in the code. Wind tunnel testing is used
on major projects to deal with the wind loads and any changes due to the change in shape.
Present work shows how computational wind engineering could be applied in the early stages
of the design to assist in the wind design and other parameters of concern.
Figure 6.1: Graph for Cp (Model 1.1)
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Figure 6.2: Graph for Cp (Model 2.1)
Figure 6.3: Graph for Cp (Model 3.1)
Figure 6.4: Graph for Cp (Model 4.1)
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Model C, face 1 C, face 2 C, face 3 C, face 4
Model 1 0.8 -0.7 -0.4 -0.7
Model 2 0.55 -0.52 -0.52 0.55
Model 3 0.4 -0.6 -0.4 0.3
Model 4 0.55 -0.9 -0.2 -0.9
Table 6.1: Averaged Cp values for different models*
Notice from table 5.2 for Omega-YZ, formation of symmetric rotational velocities in the models
1, 2 and 4. These cause symmetric vortices and may lead to high cross wind forces due to
dynamic effects. Model 3 has non-symmetric omega and hence, shows non-symmetric shapes
are better to deal the vortices formation.
Figure 6.6: Graph for Y-velocity (Model 2.1)
[* these values are result of this research and may vary]
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Figure 6.7: Graph for Y-velocity (Model 3.1)
Figure 6.8: Graph for Y-velocity (Model 4.1)
Figure 6.6-6.8 shows the graph for the Y-velocity on the different faces of models. Notice the
same description in the discussion of the C, is used to describe the face of model.eg. Line CP1
defines the face 1. As expected the velocities are higher on the edge of the face and drops to
zero near the center, of the face. High velocity means high force, and this velocity profile is
useful for the design of cladding. Figure 6.9-6.12 shows the Z-velocity graph for the different
models. Symmetric shapes have symmetric velocity distribution. Velocity profiles could also be
used for the effective natural ventilation and improve the indoor environment. The velocity
distribution for the higher Reynolds number remains the same and only the magnitude
increases as the inlet velocity increases.
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Figure 6.9: Graph for Z-velocity (Model 1.1)
Figure 6.10: Graph for Z-velocity (Model 2.1)
Figure 6.11: Graph for Z-velocity (Model 3.1)
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Figure 6.12: Graph for Z-velocity (Model 4.1)
Figure 6.13: Graph for Turbulence kinetic energy (Model 1.1)
Figure 6.14: Graph for Turbulence kinetic energy (Model 1.2)
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Figure 6.15: Graph for Turbulence kinetic energy (Model 1.3)
Figure 6.13-6.15 shows the turbulence kinetic energy for model 1. Notice with the increase in
the Reynolds number, the distribution on the face remains the same, but the magnitude of
turbulence increases. Turbulence is higher on the edge of the face and drops as one moves
towards the center. On the side face, the turbulence increases as one move downstream.
Figure 6.16-6.18 shows the graph for turbulence kinetic energy for other models. The plots are
developed with the distance moving along the face in clockwise direction along the x-axis.
Figure 6.16: Graph for Turbulence kinetic energy (Model 2.1)
[Graphs have the different line depicted in color: Line Cp1 = Green; Line Cp2 = Pink; Line Cp3 = Sky blue; Line C,4 =
Magenta]
[Original copy and the electronic copy of the manuscript is in color]
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Figure 6.17: Graph for Turbulence kinetic energy (Model 3.1)
Figure 6.18: Graph for Turbulence kinetic energy (Model 4.1)
Above graphs could be used during the initial design phase to help the engineers with the
quantitative values for different aerodynamic shapes. More shapes could be analyzed in the
similar manner and comprehensive data could be developed for the use in standard format.
Finite element method has an advantage over its contemporary finite difference and finite
volume that is, it requires less computation and storage. It could be applied to more complex
shapes and with a general approach. With the advancement in the computational methods, the
application of finite element in the field of computational wind engineering will increase.
[60]
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Appendix A: Model Mesh Used
Figure A.1: Model 2 Mesh
Figure A.2: Model 3 Mesh
Higure A.3: Model 4 Mesh
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Model Mesh Number of Elements Number of Nodes
Model 1 2300 9200
Model 2 2372 9488
Model 3 2475 9900
Model 4 2300 9200
Table A. 1: Mesh Details
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Appendix B: Command history in ADINA
Model 1
* Command file created from session file information stored within AUI database
DATABASE NEW SAVE=NO PROMPT=NO
FEPROGRAM ADINA
CONTROL FILEVERSION=V84
FEPROGRAM PROGRAM=ADINA-F
FEPROGRAM PROGRAM=ADINA-F
HEADING STRING=' building_hor sq'
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KW HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=O MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=O MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COU PLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
COORDINATES POINT SYSTEM=1
@CLEAR
1 0.00000000000000 20.0000000000000 0.00000000000000 1
2 0.00000000000000 20.0000000000000 7.00000000000000 1
3 0.00000000000000 20.0000000000000 8.00000000000000 1
4 0.00000000000000 20.0000000000000 15.0000000000000 1
5 0.00000000000000 4.00000000000000 0.00000000000000 1
6 0.00000000000000 4.00000000000000 7.00000000000000 1
7 0.00000000000000 4.00000000000000 8.00000000000000 1
8 0.00000000000000 4.00000000000000 15.0000000000000 1
9 0.00000000000000 3.00000000000000 0.00000000000000 1
10 0.00000000000000 3.00000000000000 7.00000000000000 1
11 0.00000000000000 3.00000000000000 8.00000000000000 1
12 0.00000000000000 3.00000000000000 15.0000000000000 1
13 0.00000000000000 -3.00000000000000 0.00000000000000 1
14 0.00000000000000 -3.00000000000000 7.00000000000000 1
15 0.00000000000000 -3.00000000000000 8.00000000000000 1
16 0.00000000000000 -3.00000000000000 15.0000000000000 1
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L
LINE STRAIGHT NAME=2 P1=4 P2=8
LINE STRAIGHT NAME=2 P1=8 P2=12
LINE STRAIGHT NAME=3 P1=12 P2=16
LINE STRAIGHT NAME=4 P1=3 P2=7
LINE STRAIGHT NAME=5 P1=7 P2=11
LINE STRAIGHT NAME=6 P1=117 P2=15
LINE STRAIGHT NAME=7 P1=2 P2=6
LINE STRAIGHT NAME=8 P1=6 P2=10
LINE STRAIGHT NAME=9 P1=10 P2=14
LINE STRAIGHT NAME=10 P1=l P2=5
LINE STRAIGHT NAME=11 P1=5 P2=9
LINE STRAIGHT NAME=12 P1=9 P2=13
LINE STRAIGHT NAME=13 P1=16 P2=15
LINE STRAIGHT NAME=14 P1=15 P2=14
LINE STRAIGHT NAME=15 P1=14 P2=13
LINE STRAIGHT NAME=16 P1=12 P2=11
LINE STRAIGHT NAME=17 P1=11 P2=10
LINE STRAIGHT NAME=18 P1=10 P2=9
LINE STRAIGHT NAME=19 P1=8 P2=7
LINE STRAIGHT NAME=20 P1=6 P2=5
LINE STRAIGHT NAME=21 P1=7 P2=6
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LINE STRAIGHT NAME=22 P1=4 P2=3
LINE STRAIGHT NAME=23 P1=3 P2=2
LINE STRAIGHT NAME=24 P1=2 P2=1
LINE STRAIGHT NAME=21 P1=6 P2=5
LINE STRAIGHT NAME=20 P1=7 P2=6
SURFACE PATCH NAME=2 EDGE1=1 EDGE2=19 EDGE3=4 EDGE4=22
SURFACE PATCH NAME=2 EDGE1=2 EDGE2=16 EDGE3=5 EDGE4=19
SURFACE PATCH NAME=3 EDGE1=3 EDGE2=13 EDGE3=6 EDGE4=16
SURFACE PATCH NAME=4 EDGE1=6 EDGE2=14 EDGE3=9 EDGE4=17
SURFACE PATCH NAME=5 EDGE1=9 EDGE2=15 EDGE3=12 EDGE4=18
SURFACE PATCH NAME=6 EDGE1=8 EDGE2=18 EDGE3=11 EDGE4=21
SURFACE PATCH NAME=7 EDGE1=7 EDGE2=21 EDGE3=10 EDGE4=24
SURFACE PATCH NAME=8 EDGE1=4 EDGE2=20 EDGE3=7 EDGE4=23
MATERIAL TURBULENT-KW NAME=1 TYPE=HIGH-RE XMU=0.000100000000000000,
RHO=1.00000000000000 CP=0.00000000000000 XKCON=0.00000000000000,
BETA= 0.00000000000000 QB=0.00000000000000 TREF=0.00000000000000,
G RAV-X=0.00000000000000 G RAV-Y=0.00000000000000,
GRAV-Z=0.00000000000000 SIGMA=0.00000000000000,
ALPHA=1.00000000000000 ALPHW=0.555555555555556,
BETAK=0.0900000000000000 BETAW=0.0750000000000000,
SIG MAK=2.00000000000000 SIG MAW=2.00000000000000,
BETAT=0.712000000000000 SIGMAT=1.00000000000000,
DW=70.0000000000000 VONK=0.410000000000000,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE',
SST=NO
EGROUP TWODFLUID NAME=1 SUBTYPE=PLANAR MATERIAL=1 INT=3,
RESULTS=STRESSES DEGEN=NO DISSP=NO SOLID=NO UPWINDIN=DEFAULT,
OPTION=NONE FLOWTYPE=DEFAULT VOF-MATE=1 DESCRIPT='NONE'
BOUNDARY-CON WALL NAM E=1 GTYPE=LINES SLI PC=0.00000000000000 MOVING=NO,
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VTYPE=CONVENTIONAL VT=0.00000000000000 NCURVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 ZO=0.00000000000000,
ALL-EXT=NO THERMAL=H EAT-FLUX TVALUE=0.00000000000000 NCURT=O
@CLEAR
50
17 0
80
20 0
@
BOUNDARY-CON WALL NAME=2 GTYPE=LINES SLIPC=1.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCU RVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 ZO=0.00000000000000,
ALL-EXT=NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=O
@CLEAR
10
20
30
10 0
110
120
LOAD VELOCITY NAME=1 VX=FREE VY=1.00000000000000 VZ=FREE
LOAD TURBULENCE NAME=1 K-ENERGY=FREE TURBULEN=FREE LOAD=COMPUTE,
I NTENSIT=0.0250000000000000 VELOCITY=1.00000000000000,
LSCALE=1.00000000000000
APPLY-LOAD BODY=O
@CLEAR
1 'TURBULENCE' 1 'LINE' 13 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'TURBULENCE' 1 'LINE' 14 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'TURBULENCE' 1 'LINE' 15 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
4 'VELOCITY' 1 'LINE' 13 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
5 'VELOCITY' 1 'LINE' 14 0 10.00000000000000 0 0.00000000000000,
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0.00000000000000 0
6 'VELOCITY' 1 'LINE' 15 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KW HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=YES SOLVER=DEFAULT COMPRESS=NO,
FSINTERA=NO NMASS=O MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO,
NONDIMEN=NO MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
AUTOMATIC TIME-STEPPING MAXSUBD=10 ICOUR=ATS,
COURAN=1.00000000000000E+20 ITMAXC=100000
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KW HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=YES SOLVER=DEFAULT COMPRESS=NO,
FSINTERA=NO NMASS=0 MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO,
NONDIMEN=NO MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
SUBDIVIDE SURFACE NAME=1 MODE=DIVISIONS NDIV1=25 NDIV2=15,
RATIO1=10.0000000000000 RATIO2=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=2 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RAT102=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=3 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=0.100000000000000 RATIO2=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=4 MODE=DIVISIONS NDIV1=15 NDIV2=10,
RATIO1=0.100000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=5 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=0.100000000000000 RATI02=0.100000000000000,
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PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=6 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RATIO2=O. 100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=7 MODE=DIVISIONS NDIV1=25 NDIV2=15,
RATIO1=10.0000000000000 RATI02=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=8 MODE=DIVISIONS NDIV1=25 NDIV2=10,
RATIO1=10.0000000000000 RAT102=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=1.000000OO000000E-05 SUBSTRUC=O GROUP=1,
PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
@CLEAR
1
2
3
4
5
6
7
8
ELDELETE SURFACE GROUP=1 SUBSTRUC=O NODE-DEL=YES
@CLEAR
1
2
3
4
5
6
7
8
SUBDIVIDE SURFACE NAME=1 MODE=DIVISIONS NDIV1=35 NDIV2=15,
RATIO1=10.0000000000000 RATIO2= 10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
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SUBDIVIDE SURFACE NAME=7 MODE=DIVISIONS NDIV1=35 NDIV2=15,
RATIO1=10.0000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=8 MODE=DIVISIONS NDIV1=35 NDIV2=10,
RATIO1=10.0000000000000 RAT102=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=1.00000000000000E-05 SUBSTRUC=0 GROUP=1,
PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
@CLEAR
1
2
3
4
5
6
7
8
*** ADINA-F OPTIMIZE=SOLVER FILE=,
*** 'C:\Documents and Settings\Ankur\Desktop\finalproject\building
*** horsq.dat' FIXBOUND=YES MIDNODE=NO OVERWRIT=YES FORMATTE=YES
*** *--- Database saved 27 April 2008, 00:00:00 ---*
*** *--- Database opened 27 April 2008, 00:00:00 ---*
MATERIAL TURBULENT-KW NAME=1 TYPE=HIGH-RE XMU=0.00100000000000000,
RHO=1.00000000000000 CP=0.00000000000000 XKCON=0.00000000000000,
BETA=0.00000000000000 QB=0.00000000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
G RAV-Z=0.00000000000000 SIGMA=0.00000000000000,
ALPHA=1.00000000000000 ALPHW=0.555555555555556,
BETAK=0.0900000000000000 BETAW=0.0750000000000000,
SIG MAK=2.00000000000000 SIGMAW=2.00000000000000,
BETAT=0.712000000000000 SIG MAT=1.00000000000000,
DW=70.0000000000000 VON K=0.410000000000000,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE',
SST=NO
TIMESTEP NAME=DEFAULT
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Model 2
* Command file created from session file information stored within AUI database
DATABASE NEW SAVE=NO PROMPT=NO
FEPROGRAM ADINA
CONTROL FILEVERSION=V84
FEPROGRAM PROGRAM=ADINA-F
SYSTEM NAME=1 TYPE=CARTESIAN MODE=1 XORIGIN=0.00000000000000,
YORIGIN=0.00000000000000 ZORIGIN=0.00000000000000,
AX=1.00000000000000 AY=0.00000000000000 AZ=0.00000000000000,
BX=0.00000000000000 BY=1.00000000000000 BZ=0.00000000000000,
MOVE=NO
COORDINATES POINT SYSTEM=1
@CLEAR
10.00000000000000 0.00000000000000 0.00000000000000 1
2 0.00000000000000 6.00000000000000 0.00000000000000 1
3 0.00000000000000 7.41400000000000 0.00000000000000 1
4 0.00000000000000 23.0000000000000 0.00000000000000 1
5 0.00000000000000 0.00000000000000 7.00000000000000 1
6 0.00000000000000 6.00000000000000 7.00000000000000 1
7 0.00000000000000 6.70700000000000 7.00000000000000 1
8 0.00000000000000 7.41400000000000 7.00000000000000 1
9 0.00000000000000 23.0000000000000 7.00000000000000 1
10 0.00000000000000 0.00000000000000 7.70700000000000 1
11 0.00000000000000 6.00000000000000 7.70700000000000 1
12 0.00000000000000 7.41400000000000 7.70700000000000 1
13 0.00000000000000 23.0000000000000 7.70700000000000 1
14 0.00000000000000 0.00000000000000 8.41400000000000 1
15 0.00000000000000 6.00000000000000 8.41400000000000 1
16 0.00000000000000 6.70700000000000 8.41400000000000 1
17 0.00000000000000 7.41400000000000 8.41400000000000 1
18 0.00000000000000 23.0000000000000 8.41400000000000 1
19 0.00000000000000 0.00000000000000 15.4140000000000 1
20 0.00000000000000 6.00000000000000 15.4140000000000 1
21 0.00000000000000 7.41400000000000 15.4140000000000 1
22 0.00000000000000 23.0000000000000 15.4140000000000 1
SURFACE VERTEX NAME=1 P1=22 P2=21 P3=17 P4=18
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SURFACE VERTEX NAME=2 P1=18 P2=16 P3=12 P4=13
SURFACE VERTEX NAME= 1=13 P2=12 P3=7 P4=9
SURFACE VERTEX NAME=3 P1=13 P2=12 P3=7 P4=9
SURFACE VERTEX NAME= P=2 P2=20 P3= P4=7
SURFACE VERTEX NAME=4 P1=9 P2=8 P3=3 P4=4
SURFACE VERTEX NAME=5 P1=21 P2=20 P3=15 P4=17
SURFACE VERTEX NAME=6 P1=20 P2=19 P3=14 P4=15
SURFACE VERTEX NAME=7 P1=11 P2=10 P3=5 P4=7
SURFACE VERTEX NAME=7 P1=16 P2=14 P3=1 P4=1
SURFACE VERTEX NAME=8 P1=11 P2=1 P3=5 P4=7
SURFACE VERTEX NAME=10 P1=8 P2=6 P3=2 P4=3
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=0 MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
MATERIAL TURBU LENT-KE NAM E=1 XM U=0.0100000000000000,
C1=1.44000000000000 C2=1.92000000000000 C3=0.800000000000000,
CM U=0.0900000000000000 SIG MAK=1.00000000000000,
SIGMAE=1.30000000000000 SIGMAT=0.900000000000000,
DW=70.0000000000000 VONK=0.400000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1.00000000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
G RAV-Z=0.00000000000000 SIG MA=0.00000000000000 TYPE=STANDARD,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE'
EGROUP TWODFLUID NAME=1 SUBTYPE=PLANAR MATERIAL=1 INT=3,
RESULTS=STRESSES DEGEN=NO DISSP=NO SOLID=NO UPWINDIN=DEFAULT,
OPTION=NONE FLOWTYPE=DEFAULT VOF-MATE=1 DESCRIPT='NONE'
LOAD VELOCITY NAME=1 VX=FREE VY=1.00000000000000 VZ=FREE
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APPLY-LOAD BODY=0
@CLEAR
1 'VELOCITY' 1 'LINE' 20 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'VELOCITY' 1 'LINE' 23 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'VELOCITY' 1 'LINE' 26 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
4 'VELOCITY' 1 'LINE' 30 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
LOAD TURBULENCE NAME=1 K-ENERGY=FREE E-DISSIP=FREE LOAD=COMPUTE,
I NTENSIT=0.0250000000000000 VELOCITY=1.00000000000000,
LSCALE= 1.00000000000000
APPLY-LOAD BODY=0
@CLEAR
1 'VELOCITY' 1 'LINE' 20 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'VELOCITY' 1 'LINE' 23 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'VELOCITY' 1 'LINE' 26 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
4 'VELOCITY' 1 'LINE' 30 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
5 'TURBULENCE' 1 'LINE' 20 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
6 'TURBULENCE' 1 'LINE' 23 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
7 'TURBULENCE' 1 'LINE' 26 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
8 'TURBULENCE' 1 'LINE' 30 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
BOUNDARY-CON WALL NAME=1 GTYPE=LINES SLIPC=0.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCURVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 ZO=0.00000000000000,
ALL-EXT= NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=0O
@CLEAR
60
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25 0
28 0
90
@
BOUNDARY-CON WALL NAME=2 GTYPE=LINES SLI PC=1.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCU RVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 ZO=0.00000000000000,
ALL-EXT=NO THERMAL=H EAT-FLUX TVALUE=0.00000000000000 NCURT=0
@CLEAR
10
16 0
19 0
310
34 0
14 0
@
DELETE SURFACE FIRST=2 LAST=2 OPTION=SURFACE
DELETE SURFACE FIRST=3 LAST=3 OPTION=SURFACE
DELETE SURFACE FIRST=8 LAST=8 OPTION=SURFACE
DELETE SURFACE FIRST=7 LAST=7 OPTION=SURFACE
SURFACE VERTEX NAME=11 P1=15 P2=14 P3=10 P4=11
SURFACE VERTEX NAME=12 P1=16 P2=15 P3=11 P4=16
SURFACE VERTEX NAME=13 P1=11 P2=10 P3=6 P4=11
SURFACE VERTEX NAME=13 P1=11 P2=10 P3=5 P4=6
SURFACE VERTEX NAME=14 P1=11 P2=6 P3=7 P4=11
DELETE LINE ALL FIRST=37 LAST=37
SURFACE VERTEX NAME=15 P1=17 P2=16 P3=12 P4=17
SURFACE VERTEX NAME=16 P1=12 P2=7 P3=8 P4=12
SURFACE VERTEX NAME=17 P1=17 P2=12 P3=13 P4=18
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SURFACE VERTEX NAME=18 P1=13 P2=12 P3=8 P4=9
SUBDIVIDE SURFACE NAME=1 MODE=DIVISIONS NDIV1=35 NDIV2=15,
RATIO1=10.0000000000000 RATIO02=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=4 MODE=DIVISIONS NDIV1=35 NDIV2=14,
RATIO1=10.0000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=5 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RATIO2=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=6 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=0.100000000000000 RATI02=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=9 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=0.100000000000000 RATIO2=0. 100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=10 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RATIO02=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=11 MODE=DIVISIONS NDIV1=15 NDIV2=5,
RATIO1=0.100000000000000 RATI02=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=12 MODE=DIVISIONS NDIV1=5 NDIV2=5,
RATIO1=1.00000000000000 RATI02=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=13 MODE=DIVISIONS NDIV1=15 NDIV2=5,
RATIO1=0.100000000000000 RATI02=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=14 MODE=DIVISIONS NDIV1=5 NDIV2=5,
RATIO1=1.00000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=15 MODE=DIVISIONS NDIV1=5 NDIV2=5,
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RATIO1=1.00000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=16 MODE=DIVISIONS NDIV1=5 NDIV2=5,
RATIO1=1.00000000000000 RATIO2= 1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=17 MODE=DIVISIONS NDIV1=5 NDIV2=35,
RATI O1=1.00000000000000 RATIO2=0. 100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=18 MODE=DIVISIONS NDIV1=35 NDIV2=5,
RATIO1=10.0000000000000 RAT102=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=1.OOOOOOOOOOOOOE-05 SUBSTRUC=O GROUP=1,
PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
@CLEAR
1
17
18
4
5
10
9
6
11
12
13
14
15
16
@
ELDELETE SURFACE GROUP=1 SUBSTRUC=O NODE-DEL=YES
@CLEAR
1
4
5
6
9
10
(801
11
12
13
14
15
16
17
18
@
TIMEFUNCTION NAME=1
@CLEAR
0.00000000000000 0.00000000000000
1.00000000000000 1.00000000000000
1.00000000000000E+20 1.00000000000000
@
TIMESTEP NAME=DEFAULT
@CLEAR
1 0.100000000000000
1 0.200000000000000
1 0.300000000000000
1 0.400000000000000
@
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=O MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=O MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COU PLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
ITERATION METHOD=NEWTON MAX-ITER=100 ITM-SPEC=1
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=O MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=O MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
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MATERIAL TURBULENT-KE NAME=1 XMU=0.000100000000000000,
C1=1.44000000000000 C2=1.92000000000000 C3=0.800000000000000,
CMU=0.0900000000000000 SIGMAK=1.00000000000000,
SIG MAE=1.30000000000000 SIG MAT=0.900000000000000,
DW=70.0000000000000 VON K=0.400000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1.00000000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
G RAV-Z=0.00000000000000 SIG MA=0.00000000000000 TYP E=STANDARD,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE'
TIMESTEP NAME=DEFAULT
@CLEAR
1 0.100000000000000
1 0.100000000000000
1 0.200000000000000
1 0.300000000000000
1 0.300000000000000@*
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Model 3
* Command file created from session file information stored within AUI database
DATABASE NEW SAVE=NO PROMPT=NO
FEPROGRAM ADINA
CONTROL FILEVERSION=V84
FEPROGRAM PROGRAM=ADINA-F
SYSTEM NAME=1 TYPE=CARTESIAN MODE=1 XORIGIN=0.00000000000000,
YORIGIN=0.00000000000000 ZORIGIN=0.00000000000000,
AX=1.00000000000000 AY=0.00000000000000 AZ=0.00000000000000,
BX=0.00000000000000 BY=1.00000000000000 BZ=0.00000000000000,
MOVE=NO
10.00000000000000 0.683000000000000 0.183000000000000 1
2 0.00000000000000 -0.183000000000000 0.683000000000000 1
3 0.00000000000000 -0.683000000000000 -0.183000000000000 1
4 0.00000000000000 0.183000000000000 -0.683000000000000 1
5 0.00000000000000 -0.183000000000000 8.36600000000000 1
60.00000000000000 -8.0000000000000 -0.183000000000000 1
7 0.00000000000000 0.1830000000000000-8.36600000000000 1
8 0.00000000000000 23.000000000000 0.183000000000000 1
9 0.00000000000000 23.0000000000000 -8.36600000000000 1
10 0.00000000000000 23.0000000000000 8.36600000000000 1
110.00000000000000 -8.00000000000000 8.36600000000000 1
12 0.00000000000000 -8.00000000000000 -8.36600000000000 1
13 0.00000000000000 -0.683000000000000 -8.36600000000000 1
14 0.00000000000000 -8.00000000000000 0.683000000000000 1
15 0.00000000000000 0.683000000000000 8.36600000000000 1
16 0.00000000000000 23.0000000000000 -0.683000000000000 1
@
SURFACE VERTEX NAME=1 P1=10 P2=15 P3=1 P4=8
SURFACE VERTEX NAME=* P1=5 P2=1 P3=1 P4=2
SURFACE VERTEX NAME=2 P1=5 P2=14 P3=2 P4=1
SURFACE VERTEX NAME=4 P1=2 P2=14 P3=6 P4=3
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SURFACE VERTEX NAME=5 P1=3 P2=6 P3=12 P4=13
SURFACE VERTEX NAME=6 P1=4 P2=3 P3=13 P4=7
SURFACE VERTEX NAME=7 P1=4 P2=7 P3=9 P4=16
SURFACE VERTEX NAME=8 P1=8 P2=1 P3=4 P4=16
SUBDIVIDE SURFACE NAME=1 MODE=DIVISIONS NDIV1=35 NDIV2=15,
RATIO1=10.0000000000000 RATIO2= 10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=2 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RATIO2= 10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=3 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=0.100000000000000 RATIO2=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=4 MODE=DIVISIONS NDIV1=15 NDIV2=10,
RATIO1=0.100000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=5 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=0.100000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=6 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=7 MODE=DIVISIONS NDIV1=15 NDIV2=35,
RATI O1=0.100000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=8 MODE=DIVISIONS NDIV1=35 NDIV2=15,
RATI01=10.0000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=1.00000000000000E-05 SUBSTRUC=O GROUP=1,
PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
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@CLEAR
1
2
3
4
5
6
7
8
@
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=O MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=O MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
MATERIAL TURBULENT-KE NAME=1 XMU=0.0100000000000000,
C1=1.44000000000000 C2=1.92000000000000 C3=0.800000000000000,
CMU=0.0900000000000000 SIGMAK=1.00000000000000,
SIG MAE=1.30000000000000 SIG MAT=0.900000000000000,
DW=70.0000000000000 VONK=0.400000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1.00000000000000 TREF=0.00000000000000,
G RAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
G RAV-Z=0.00000000000000 SIGMA=0.00000000000000 TYPE=STANDARD,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE'
EGROUP TWODFLUID NAME=1 SUBTYPE=PLANAR MATERIAL=1 INT=3,
RESULTS=STRESSES DEGEN=NO DISSP=NO SOLID=NO UPWINDIN=DEFAULT,
OPTION=NONE FLOWTYPE=DEFAULT VOF-MATE=1 DESCRIPT='NONE'
BOUNDARY-CON WALL NAME=1 GTYPE=LINES SLIPC=0.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCURVT=O,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 ZO=0.00000000000000,
ALL-EXT=NO THERMAL=H EAT-FLUX TVALUE=0.00000000000000 NCURT=O
@CLEAR
70
17 0
23 0
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13 0
@
BOUNDARY-CON WALL NAME=2 GTYPE=LINES SLIPC=1.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCURVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 Z0=0.00000000000000,
ALL-EXT=NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=0
@CLEAR
10
50
80
15 0
18 0
210
@
LOAD VELOCITY NAME=1 VX=FREE VY=1.00000000000000 VZ=FREE
APPLY-LOAD BODY=0
@CLEAR
1 'VELOCITY' 1 'LINE' 9 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'VELOCITY' 1 'LINE' 11 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'VELOCITY' 1 'LINE' 14 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
APPLY-LOAD BODY=0
@CLEAR
1 'VELOCITY' 1 'LINE' 9 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'VELOCITY' 1 'LINE' 11 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'VELOCITY' 1 'LINE' 14 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
LOAD TURBULENCE NAME=1 K-ENERGY=FREE E-DISSIP=FREE LOAD=COMPUTE,
INTENSIT=0.0250000000000000 VELOCITY=1.00000000000000,
LSCALE=1.00000000000000
APPLY-LOAD BODY=O
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@CLEAR
1 'VELOCITY' 1 'LINE' 9 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'VELOCITY' 1 'LINE' 11 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'VELOCITY' 1 'LINE' 14 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
APPLY-LOAD BODY=0
@CLEAR
1 'VELOCITY' 1 'LINE' 9 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'VELOCITY' 1 'LINE' 11 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'VELOCITY' 1 'LINE' 14 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
4 'TURBULENCE' 1 'LINE' 9 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
5 'TURBULENCE' 1 'LINE' 11 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
6 'TURBULENCE' 1 'LINE' 14 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
TIMEFUNCTION NAME=1
@CLEAR
0.00000000000000 0.00000000000000
1.00000000000000 1.00000000000000
1.00000000000000E+20 1.00000000000000
TIMESTEP NAME=DEFAULT
@CLEAR
1 0.100000000000000
1 0.100000000000000
1 0.200000000000000
1 0.300000000000000
1 0.300000000000000
@
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TU RBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAU LT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
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NMASS=0 MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
ITERATION METHOD=NEWTON MAX-ITER=100 ITM-SPEC=1
MATERIAL TURBULENT-KE NAM E=1 XM U=0.000100000000000000,
C1=1.44000000000000 C2=1.92000000000000 C3=0.800000000000000,
CMU=0.0900000000000000 SIGMAK=1.00000000000000,
SIGMAE=1.30000000000000 SIGMAT=0.900000000000000,
DW=70.0000000000000 VONK=0.400000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1.00000000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
G RAV-Z=0.00000000000000 SIG MA=0.00000000000000 TYP E=STANDARD,
KAPPA=1.000000OO000000E+20 CV=0.00000000000000 MDESCRI P='NONE'
TIMESTEP NAME=DEFAULT
@CLEAR
10.100000000000000
1 0.100000000000000
1 0.100000000000000
1 0.100000000000000
1 0.100000000000000
10.100000000000000
1 0.100000000000000
1 0.100000000000000
10.100000000000000
1 0.100000000000000
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Model 4
* Command file created from session file information stored within AUI database
DATABASE NEW SAVE=NO PROMPT=NO
FEPROGRAM ADINA
CONTROL FILEVERSION=V84
FEPROGRAM PROGRAM=ADINA-F
SYSTEM NAME=1 TYPE=CARTESIAN MODE=1 XORIGIN=0.00000000000000,
YORIGIN=0.00000000000000 ZORIGIN=0.00000000000000,
AX=1.00000000000000 AY=0.00000000000000 AZ=0.00000000000000,
BX=0.00000000000000 BY=1.00000000000000 BZ=0.00000000000000,
MOVE=NO
COORDINATES POINT SYSTEM=1
@CLEAR
10.00000000000000 0.00000000000000 0.00000000000000 1
2 0.00000000000000 6.00000000000000 0.00000000000000 1
3 0.00000000000000 6.70700000000000 0.00000000000000 1
4 0.00000000000000 23.0000000000000 0.00000000000000 1
5 0.00000000000000 0.00000000000000 7.00000000000000 1
6 0.00000000000000 6.00000000000000 7.00000000000000 1
7 0.00000000000000 6.70700000000000 7.00000000000000 1
8 0.00000000000000 23.0000000000000 7.00000000000000 1
9 0.00000000000000 0.00000000000000 7.70700000000000 1
10 0.00000000000000 6.00000000000000 7.70700000000000 1
11 0.00000000000000 6.70700000000000 7.70700000000000 1
12 0.00000000000000 23.0000000000000 7.70700000000000 1
13 0.00000000000000 0.00000000000000 15.0000000000000 1
14 0.00000000000000 6.00000000000000 15.0000000000000 1
15 0.00000000000000 6.70700000000000 15.0000000000000 1
16 0.00000000000000 23.0000000000000 15.0000000000000 1
17 0.00000000000000 6.35350000000000 7.35350000000000 1
LINE ARC NAME=1 MODE=1 P1=10 P2=11 CENTER=17 PCOINCID=YES,
PTOLERAN=1.OO0000000OOOOOE-05 MODIFY-L=YES DELETE-P=YES
LINE ARC NAME=2 MODE=1 P1=10 P2=6 CENTER=17 PCOINCID=YES,
PTOLERAN=1.00000000000000E-05 MODIFY-L=YES DELETE-P=YES
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LINE ARC NAME=3 MODE=1 P1=6 P2=7 CENTER=17 PCOINCID=YES,
PTOLERAN=1.00000000000000E-05 MODIFY-L=YES DELETE-P=YES
LINE ARC NAME=4 MODE=1 P1=7 P2=11 CENTER=17 PCOINCID=YES,
PTOLERAN=1.00000000000000E-05 MODIFY-L=YES DELETE-P=YES
LINE STRAIGHT NAME=1 P1=13 P2=14
LINE ARC NAME=1 MODE=1 P1=11 P2=10 CENTER=7 PCOINCID=YES,
PTOLERAN=1.00000000000000E-05 MODIFY-L=YES DELETE-P=YES
LINE STRAIGHT NAME=5 P1=13 P2=14
LINE STRAIGHT NAME=6 P1=14 P2=15
LINE STRAIGHT NAME=7 P1=15 P2=16
LINE STRAIGHT NAME=8 P1=9 P2=15
LINE STRAIGHT NAME=9 P1=ll P2=12
LINE STRAIGHT NAME=10 Pl=5 P2=6
LINE STRAIGHT NAME=ll P1=7 P2=8
LINE STRAIGHT NAME=12 Pl=9 P2=2
LINE STRAIGHT NAME=13 P1=2 P2=3
LINE STRAIGHT NAME=14 P1=3 P2=4
LINE STRAIGHT NAME=15 P1=13 P2=9
LINE STRAIGHT NAME=16 P1=9 P2=5
LINE STRAIGHT NAME=17 P1=5 P2=1
LINE STRAIGHT NAME=18 Pl=14 P2=10
LINE STRAIGHT NAME=19 P1=6 P2=2
LINE STRAIGHT NAME=20 P1=15 P2=11
*
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LINE STRAIGHT NAME=21 P1=7 P2=3
LINE STRAIGHT NAME=22 P1=16 P2=12
LINE STRAIGHT NAME=22 P1=16 P2=12
LINE STRAIGHT NAME=23 P1=12 P2=8
LINE STRAIGHT NAME=24 PEDGE1=8 P2=4
SURFACE PATCH NAME= EDGE= EDGE2=7 EDGE3=2 EDGE4=
SURFACE PATCH NAME=1 EDGE1=22 EDGE2=7 EDGE3=20 EDGE4=9
SURFACE PATCH NAME= EDGE= EDGE2=2 EDGE3=4 EDGE4=24
SURFACE PATCH NAME=2 EDGE1=20 EDGE2=6 EDGE3=18 EDGE4=1
SURFACE PATCH NAME=3 EDGE1=18 EDGE2=5 EDGE3=15 EDGE4=8
SURFACE PATCH NAME=4 EDGE1=8 EDGE2=16 EDGE3=10 EDGE4=2
SURFACE PATCH NAME=5 EDGE1=10 EDGE2=17 EDGE3=12 EDGE4=19
SURFACE PATCH NAME=6 EDGE1=3 EDGE2=19 EDGE3=13 EDGE4=21
SURFACE PATCH NAME=7 EDGE1=11 EDGE2=21 EDGE3=14 EDGE4=24
SURFACE PATCH NAME=8 EDGE1=9 EDGE2=4 EDGE3=11 EDGE4=23
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=0 MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
*--- Database saved 1 May 2008, 00:00:00 ---*
*--- Database opened 1 May 2008, 00:00:00 ---*
SUBDIVIDE SURFACE NAME=1 MODE=DIVISIONS NDIV1=15 NDIV2=35,
RATIO1=0.100000000000000 RATIO2=10.0000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=2 MODE=DIVISIONS NDIV1=15 NDIV2=10,
RATIO1=0.100000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=3 MODE=DIVISIONS NDIV1=15 NDIV2=15,
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RATIO1=0.100000000000000 RATI02=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=4 MODE=DIVISIONS NDIV1=15 NDIV2=10,
RATIO1=0. 100000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=5 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO 1=0.100000000000000 RAT102=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=6 MODE=DIVISIONS NDIV1=10 NDIV2=15,
RATIO1=1.00000000000000 RATIO2=0. 100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=7 MODE=DIVISIONS NDIV1=15 NDIV2=15,
RATIO1=10.0000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=8 MODE=DIVISIONS NDIV1=15 NDIV2=10,
RATIO1=10.0000000000000 RATIO2= 1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
SUBDIVIDE SURFACE NAME=8 MODE=DIVISIONS NDIV1=35 NDIV2=10,
RATIO1=10.0000000000000 RATIO2=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
MATERIAL TURBULENT-KE NAME=1 XMU=0.0100000000000000,
C1=1.44000000000000 C2=1.92000000000000 C3=0.800000000000000,
CM U=0.0900000000000000 SIG MAK=1.00000000000000,
SIG MAE=1.30000000000000 SIG MAT=0.900000000000000,
DW=70.0000000000000 VONK=0.400000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1.00000000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
GRAV-Z=0.00000000000000 SIGMA=0.00000000000000 TYPE=STANDARD,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE'
EGROUP TWODFLUID NAME=1 SUBTYPE=PLANAR MATERIAL=1 INT=3,
RESULTS=STRESSES DEGEN=NO DISSP=NO SOLID=NO UPWINDIN=DEFAULT,
OPTION=NONE FLOWTYPE=DEFAULT VOF-MATE=1 DESCRIPT='NONE'
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=1.000000000000OO00E-05 SUBSTRUC=0 GROUP=l,
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PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
@CLEAR
1
2'
3
4
5
6
7
8
ELDELETE SURFACE GROUP=1 SUBSTRUC=O NODE-DEL=YES
@CLEAR
1
2
3
4
5
6
7
8
DELETE SURFACE FIRST=2 LAST=2 OPTION=SURFACE
DELETE LINE ALL FIRST=1 LAST=1
LINE ARC NAME=25 MODE=1 P1=11 P2=10 CENTER=17 PCOINCID=YES,
PTOLERAN=1.00000000000000E-05 MODIFY-L=YES DELETE-P=YES
SURFACE PATCH NAME=9 EDGE1=20 EDGE2=6 EDGE3=18 EDGE4=25
SUBDIVIDE SURFACE NAME=9 MODE=DIVISIONS NDIV1=15 NDIV2=10,
RATIO1=0.100000000000000 RATI 02=1.00000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIASl=NO CBIAS2=NO
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=I.00000000000000E-05 SUBSTRUC=0 GROUP=1,
PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
@CLEAR
1
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9
3
4
5
6
7
8
@
ELDELETE SURFACE GROUP=1 SUBSTRUC=O NODE-DEL=YES
@CLEAR
1
9
3
4
5
6
7
8
@
SUBDIVIDE SURFACE NAME=7 MODE=DIVISIONS NDIV1=35 NDIV2=15,
RATIO1=10.0000000000000 RATIO2=0.100000000000000,
PROGRESS=GEOMETRIC EXTEND=NONE CBIAS1=NO CBIAS2=NO
GSURFACE NODES=4 PATTERN=AUTOMATIC NCOINCID=BOUNDARIES NCEDGE=1234,
NCVERTEX=1234 NCTOLERA=1.00000000000000E-05 SUBSTRUC=O GROUP=l,
PREFSHAP=AUTOMATIC MESHING=MAPPED SMOOTHIN=NO DEGENERA=NO,
COLLAPSE=NO MIDNODES=CURVED METHOD=ADVFRONT FLIP=NO
@CLEAR
1
9
3
4
5
6
7
8
@
BOUNDARY-CON WALL NAME=1 GTYPE=LINES SLIPC=0.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCURVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 ZO=0.00000000000000,
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ALL-EXT=NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=0
@CLEAR
20
30
40
25 0
@
BOUNDARY-CON WALL NAME=2 GTYPE=LINES SLIPC=1.00000000000000 MOVING=NO,
VTYPE=CONVENTIONAL VT=0.00000000000000 NCU RVT=0,
DX=1.00000000000000 DY=0.00000000000000 DZ=0.00000000000000,
XO=0.00000000000000 YO=0.00000000000000 Z0=0.00000000000000,
ALL-EXT=NO THERMAL=HEAT-FLUX TVALUE=0.00000000000000 NCURT=0
@CLEAR
50
60
70
12 0
13 0
14 0
@
LOAD VELOCITY NAME=1 VX=FREE VY=1.00000000000000 VZ=FREE
APPLY-LOAD BODY=O
LOAD TURBULENCE NAME=1 K-ENERGY=FREE E-DISSIP=FREE LOAD=COMPUTE,
INTENSIT=0.0250000000000000 VELOCITY=1.00000000000000,
LSCALE=1.00000000000000
APPLY-LOAD BODY=0
@CLEAR
1 'TURBULENCE' 1 'LINE' 15 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
2 'TURBULENCE' 1 'LINE' 16 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
3 'TURBULENCE' 1 'LINE' 17 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
4 'VELOCITY' 1 'POINT' 15 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
5 'VELOCITY' 1 'POINT' 16 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
6 'VELOCITY' 1 'POINT' 17 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
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7 'VELOCITY' 1 'LINE' 15 0 10.00000000000000 0 0.00000000000000,
0.00000000000000 0
8 'VELOCITY' 1 'LINE' 16 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
9 'VELOCITY' 1 'LINE' 17 0 1 0.00000000000000 0 0.00000000000000,
0.00000000000000 0
@
TIMEFUNCTION NAME=1
@CLEAR
0.00000000000000 0.00000000000000
1.00000000000000 1.00000000000000
1.00000000000000E+20 1.00000000000000
@
TIMESTEP NAME=DEFAULT
@CLEAR
10.100000000000000
1 0.200000000000000
1 0.300000000000000
1 0.400000000000000
@
MASTER ANALYSIS=STEADY-STATE MODEX=EXECUTE TSTART=0.00000000000000,
IDOF=10001 TURBULEN=KE HYDRO=YES STREAM=YES TRACTB=DEFAULT,
IRINT=DEFAULT AUTOMATI=NO SOLVER=DEFAULT COMPRESS=NO FSINTERA=NO,
NMASS=0 MASSCOUP=NO MAP-OUTP=NONE MAP-FORM=NO NONDIMEN=NO,
MAXSOLME=0 MTOTM=2 RECL=3000 ALE=NO THERMAL-=NO,
UPWINDIN=CONTROL-VOLUME MESHUPDA=CURRENT MESHADAP=NO,
COUPLING=ITERATIVE POROUS-C=NO CELL-BCD=YES VOF=NO FCBI=YES,
TURB-ITE=COUPLED EM-MODEL=NO ALE-CURV=YES ADAPTIVE="
ITERATION METHOD=NEWTON MAX-ITER=100 ITM-SPEC=1
MATERIAL TURBULENT-KE NAME=1 XMU=0.000100000000000000,
C1=1.44000000000000 C2=1.92000000000000 C3=0.800000000000000,
CMU=0.0900000000000000 SIG MAK=1.00000000000000,
SIG MAE= 1.30000000000000 SIGMAT=0.900000000000000,
DW=70.0000000000000 VONK=0.400000000000000 CP=0.00000000000000,
XKCON=0.00000000000000 BETA=0.00000000000000 QB=0.00000000000000,
RHO=1.00000000000000 TREF=0.00000000000000,
GRAV-X=0.00000000000000 GRAV-Y=0.00000000000000,
GRAV-Z=0.00000000000000 SIG MA=0.00000000000000 TYPE=STANDARD,
KAPPA=1.00000000000000E+20 CV=0.00000000000000 MDESCRIP='NONE'
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Appendix C: Cp value from ASCE-05
Main Wind Force Resisting System - Method 2 All Heights
Figure 6-6 (con't) I External Pressure Coefficients, C Walls & RoofsEnclosed, Partially Enclosed Buildings
Wall Pressure Coefficients, Cp
Surface L/B Cp Use With
Windward Wall All values 0.8 q_
0-1 -0.5
Leeward Wall 2 -0.3 qh
>4 -0.2
Side Wall All values -0.7 qh
Roof Pressure Coefficients, Cl, for use with q_
Windward Leeward
Wind Angle, O (degrees)
Direction Angle, 0 (degrees)
h/L 10 15 20 25 30 35 45 >60# 10 15 Ž720
-0.7 -0.5 -0.3 -0.2 -0.2 0.0* -0.3 -0.5 -0.6
Normal <0.25 -0.18 0.0* 0.2 0.3 0.3 0.4 0.4 0.010
to -0.9 -0.7 -0.4 -0.3 -0.2 -0.2 0.0* -0.5 .5 .6
ridge for 0.5 -0.18 -0.18 0.0* 0.2 0.2 0.3 0.4 0.010 -05 -05 -06
0 100 -1.3** -1.0 -0.7 -0.5 -0.3 -0.2 0.0*
_21.0 -0.18 -0.18 -0.18 0.0* 0.2 0.2 0.3 0.01 0 -0.7 -0.6 .
Horiz distance from C *Value is provided for interpolation
Normal windward edge Cp purposes.
to 0 to h/2 -0.9, -0.18
ridge for 5 0.5 h/2 to h -0.9, -0.18 **Value can be reduced linearly with area
0 < 10 h to 2 h -0.5, -0.18 over which it is applicable as follows
and > 2h -0.3 -0.18
Parallel 0 to h2 -1.3*, -0.18 Area (sq ft) Reduction Factor
to ridge >1.0 _ 100 (9.3 sq m) 1.0
for all 0 > /2 -0.7,-0. 200 (23.2 sq m) 0.9
>h/2 -0.7,-0.8 1000 (92.9 sq m) 0.8
Notes:
1. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
2. Linear interpolation is permitted for values of L/B, h/L and 0 other than shown. Interpolation shall only be
carried out between values of the same sign. Where no value of the same sign is given, assume 0.0 for
interpolation purposes.
3. Where two values of C, are listed, this indicates that the windward roof slope is subjected to either
positive or negative pressures and the roof structure shall be designed for both conditions. Interpolation
for intermediate ratios of h/L in this case shall only be carried out between C values of like sign.
4. For monoslope roofs, entire roof surface is either a windward or leeward surface.
5. For flexible buildings use appropriate Gfas determined by Section 6.5.8.
6. Refer to Figure 6-7 for domes and Figure 6-8 for arched roofs.
7. Notation:
B: Horizontal dimension of building, in feet (meter), measured normal to wind direction.
L: Horizontal dimension of building, in feet (meter), measured parallel to wind direction.
h: Mean roof height in feet (meters), except that eave height shall be used for 0: 10 degrees.
z: Height above ground, in feet (meters).
G: Gust effect factor.
qpqh: Velocity pressure, in pounds per square foot (N/m2), evaluated at respective height.
0: Angle of plane of roof from horizontal, in degrees.
8. For mansard roofs, the top horizontal surface and leeward inclined surface shall be treated as leeward
surfaces from the table.
9. Except for MWFRS's at the roof consisting of moment resisting frames, the total horizontal shear shall not
be less than that determined by neglecting wind forces on roof surfaces.
#For roof slopes greater than 80', use C, = 0.8
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